Steps for identification and quantification of nitrogen-containing aromatic compounds by capillary electrophoresis in diesel samples, using a stable and homogeneous microemulsion without detergent as a tool.
Nitrogen-containing aromatic compounds (NCACs) are present in petroleum fractions such as diesel. An exploratory study aiming the separation of twelve NCACs of different types (carbazoles, indoles, quinolines, acridine and aniline) by micellar-electrokinetic chromatography (MEKC) was made using micro-emulsified diesel sample and pyrrole as the internal standard. Diesel (previously dissolved in isooctane) was prepared as detergentless microemulsion and then mixed with a surfactant-containing electrolyte solution in order to prepare the microemulsion to be introduced into the capillary. The system BGE was composed by sodium dodecyl sulfate in a borate buffer (10 mmol L -1 ; pH 9.50), containing acetonitrile and urea as chemical modifiers. Separation of the NCACs was achieved using a gradient of applied voltages (10 kV up to 20 min and then 30 kV up to the end of the run) at 15 ºC. Instrumental limits of detection (LOD) varied from 0.7 to 4.9 mg L -1 depending upon the analyte. LOD in diesel samples depend upon the dilution factor. Diesel samples (fortified with 12 NCACs) were analyzed, Article Canto MS detector has also been used to determine nitrogen compounds in diesel fuel and in seventy Brazilian crude oil samples [20] . The basic nitrogen content varied from 0.016 to 0.151%.
Alkyl indoles, alkyl benzoquinolines and alkyl carbazoles (in the mg kg -1 levels) have been found in acid extracts of Brazilian diesel oil using high performance liquid chromatography (HPLC) with both MS and molecular absorption photometric detection [21, 22] and by particle beam LC-MS [23] . Benzoquinolines were found to be the main NCAC group in the basic fraction, with homologues being further separated using a neutral mobile phase. HPLC with fluorimetric detection was used for the determination of six basic azaarenes in jet fuel, reaching absolute LOD values between 2 and 21 pg [24] . Neutral and basic fractions were extracted by SPE with a strong cation exchange sorbent. Oxygen and nitrogen containing aromatic compounds were determined in asphalt mixtures using HPLC-MS after sample fractionation into asphaltenes and maltenes and further liquid extraction [25] . Quinoline was quantified in the acid extract (102.2 mg kg -1 ) and in the basic extract (63.6 mg kg -1 ).
There is little information on the analysis of petroleum samples using capillary electrophoresis (CE) aiming NCACs. The only reported quantitative work was the one of Luz et al. (2014) [26] concerning the determination five acridines in diesel after SPE, using cationic solid phase, to get the analytes in acidic aqueous phase before separation by capillary zone electrophoresis, using an acidic background electrolyte, and detection by molecular absorption photometry. The concentration of the analytes into the capillary was achieved through analyte stacking, enabling LOD values at the mg L -1 level. For NCACs in other types of samples, two works can be identified. Guarguilo et al. (2000) [27] have separated indoles, carbazoles, acridines and benzoquinolines, along with 16 polycyclic aromatic hydrocarbons, in soil extracts using a capillary packed with octyldecylsilica and laser-induced fluorescence detection (LOD down to 0.4 nmol L -1 ). Fomin et al. (2010) [28] identified basic NCACs in urine and blood using CE with UV absorption photometric detection but no quantitative application was accomplished.
The analysis of fuels usually requires tedious and labor-intensive procedures to separate aromatic compounds from other matrix components. Therefore, any effort to minimize complex protocols is relevant even if it involves some degradation of detection power. In this direction, the dispersion of liquid fuel samples into microemulsions brings advantages for the determination of analytes directly in samples that are immiscible with water. Due to the thermodynamic stability and homogeneity of microemulsions, prepared by mixing oily liquid and water with the aid of a surfactant and/or a co-solvent, the introduction of the oily liquid samples is facilitated and the formation of sample zones, for instance in reverse liquid chromatography, becomes feasible [29] . Sample dispersing into microemulsion reduces the organic load of the analyzed material, avoids analyte losses due to mass transferring of thick samples, minimizes sample contamination and improves the reproducibility of results since variations associated to extraction procedures are eliminated. In recent work, the analysis of diesel was accomplished by HPLC by introducing the whole diesel sample prepared as detergentless microemulsion (or DME) into the aqueous mobile phase. Ten basic and neutral NCACs were determined (fluorescence detection), at the mg L -1 level, in one single chromatographic run [29] .
Segura-Carretero et al. (2000) [30] have taken advantage of microemulsions to disperse water insoluble analytes into an aqueous system with composition adjusted to enable phosphorescence measurements. A small amount of samples was prepared as microemulsions composed by a nonpolar solvent, alcohol, water and a detergent (sodium dodecyl sulfate or SDS) [30] . A few reports indicate the use of detergentless microemulsion to perform the analysis of petroleum derivatives aiming the quantification of metals and metalloids by optical emission spectrometry and voltammetry [31, 32] .
In the present work, a microscale study was made aiming the electrophoretic separation of 12 NCACs in diesel samples. The successful separation of carbazole (CBZ), 9- 
MATERIALS AND METHODS

Instrumentation
Micellar electrokinetic chromatography (MEKC) was made on a HP 3D CE capillary electrophoresis system (Agilent, USA) operating in normal polarity mode with a UV-vis diode array type absorption photometric detector. The pH measurements were made on a pHmeter (MS Tecnopon, model MPA-210, Brazil) with a glass membrane electrode conjugated with an Ag/AgCl(KCl sat ) reference electrode. A highperformance dispersion device -Ultra-Turrax IKA T18 (IKA, Brazil) -was used for the homogenization of the detergentless microemulsion. The determination of the C, H and N content in samples was made on Flash EA 1112 elemental analyzer (Thermo Electron Co). Microscopic pictures of the microemulsion was made on a Zeiss optical microscope Axio Lab.A1 (Zeiss, Germany).
Reagents and Materials
Quinoline, benzo[h]quinoline, carbazole, 3-ethylcarbazole, 9-ethylcarbazole, 9-methylcarbazole, indole, 2-methylindole, 3-methylindole, 7-methylindole, acridine, N-methylpyrrole and N,N-dimethylaniline were obtained from Sigma-Aldrich (USA). Sodium dodecyl sulfate (SDS), urea, boric acid, ethanol, isopropanol, acetonitrile and iso-octane (HPLC-grade) were obtained from Merck (Germany). Deionized water (resistivity of 18.2 MW cm) was from a Milli-Q gradient A10 ultra-purifier (Milipore, USA). Diesel and gas oil samples were obtained from Petrobras, the Brazilian Energy Company, Brazil. A fused silica capillary column (Agilent, California, USA) of 56.0 cm of length (47.5 cm of effective length) with 50 µm of internal diameter.
Solutions and Samples
Background electrolyte (BGE) solution was composed by 20% v/v of acetonitrile and 80% v/v of an aqueous solution containing H 3 BO 3 (10 mmol L -1 ), SDS 30 mmol L -1 and urea 2 mol L -1 with pH adjusted to 9.50 (with the addition of aliquots of NaOH 1 mol L -1 ). NCACs stock solutions (1 × 10 -3 mol L -1 ) were Article Canto, A. S.; da Cunha, A. L. M. C.; Mello, S. C.; Aucelio, R. Q.
prepared in ethanol.
Standard detergenless microemulsions were prepared by the dilution of the stock analyte solutions into about 5 mL of a mixture containing isooctane (10% v/v), water (12% v/v), ethanol (55% v/v) and isopropanol (23% v/v). Appropriate aliquots (up to 50 µL) of the standard detergenless microemulsions were added to a solution consisting of 25% (v/v) ethanol and 75% (v/v) of an aqueous solution containing H 3 BO 3 (5 mmol L -1 ), SDS 20 mmol L -1 , urea 1 mol L -1 with pH 9.50 (adjusted by the addition of aliquots of 1 mol L -1 NaOH solution) comprising a final volume of 5.00 or 10.00 mL. This final mixture was the analysis microemulsion.
Diesel samples were previously homogenized by mechanical agitation using an Ultra Turrax (7200 rpm) apparatus during 5 min. When analyzing samples, 10 to 200 μL (depending upon the characteristics of the sample in forming stable dispersions) of a homogenized diesel sample was dissolved in isooctane comprising about 1 to 6 mL total volume) then mixed with the appropriate volumes of water, ethanol and isopropanol to form 5.00 mL total volume of detergentless microemulsion. Then, sample detergentless microemulsion was diluted in the appropriate aqueous solution prior to the injection into the capillary.
Capillary Electrophoresis Analysis
Freshly prepared BGE solutions were employed (changed each 5 to 10 runs). The applied potential was 10 kV from the beginning up to 20 min, increasing to 30 kV up to the end of chromatographic run. Capillary temperature was kept at 15 ºC and sample hydrodynamic injection (50 mbar) was made at 50 mbar during 10 s. The diode array UV detector was set at 230 nm.
Capillary conditioning was performed in the beginning of each working day and it consisted of three steps (each of 30 min flushing): i) sodium hydroxide 1 mol L -1 ; ii) ultrapure water and iii) the BGE solution. Before each of the sample or standard injections, a 15 min pre-conditioning procedure was made by flushing water (4 min), sodium hydroxide 1 mol L -1 (4 min), water again (2 min) and BGE solution (5 min) . At the end of the working day, the capillary was cleaned by flushing water (5 min), sodium hydroxide 1 mol L -1 (5 min), water again (5 min) then passing a flow of compressed air to dry.
Elemental Analysis and Optical Analysis
The C, H and N elemental determinations were made under He atmosphere (140 mL min -1 ) using a thermal conductivity detector and samples placed in tin capsules. For microscopic optical pictures, a droplet of the microemulsion was placed on a glass slide.
RESULTS AND DISCUSSION Composition and Stability of Sample Dispersions
In order to avoid any labor-intensive treatment aiming analyte separation from the sample matrix, the diesel (or gas oil) sample (typically 50 to 200 mL) was first diluted in isooctane forming a 0.5 mL solution. For standards, an aliquot of the stock standard solution, containing the analytes was directly diluted in isooctane. The dispersion made with the isooctane solution (containing either standards or samples) was stable and homogeneous (for at least 24 h) when prepared in a mixture of solvents based on the one proposed by Cunha et al. [29] : 0.5 mL of the isooctane NCACs solution, 0.6 mL of water, 1.1 mL of propan-2-ol and completing the final 5.00 mL volume with ethanol. This was called sample (or standard) dispersion and although microliters of it can be promptly introduced into an HPLC system [29] , it could not be introduced into the capillary to perform electrophoretic analysis. Therefore, a logical strategy was to adjust the final composition of the dispersion to be introduced into the CE system (nominated as analysis dispersion) as close as possible to the BGE. In order to do that, volumes varying from 10 to 50 mL of the sample (or standard) dispersion were further dispersed in a solution containing 25% (in volume) of ethanol and 75% (in volume) of an aqueous solution containing borate buffer, surfactant and the chemical modifiers used in the system BGE (see detailed composition below), forming a final 3.00 mL analysis dispersion that was stable for at least 24 h.
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Studies to Establish the Electrophoretic Separation Conditions
The starting BGE composition was borate buffer (10 mmol L -1 using H 3 BO 3 ) at pH 9.50 guaranteeing (based on literature pK a values [33] [34] [35] [36] [37] [38] ) that QNL (pK a = 4.9), BhQ (pK a = 4.7), ACR (pK a = 5.7) and A (pK a = 7.1) remained non-protonated while the carbazoles (pK a @ 12) the indoles (pK a @ 17) and P (pK a = 14.2) remained protonated, in order to better interact with the pseudostationary phase (SDS organized structures) used for the MEKC separation. The BGE at pH 9.5 also contained SDS (40 mmol L -1 ) and the chemical modifiers acetonitrile (20% in volume) and urea (2 mol L -1 ). In these initial separation studies, standard microemulsions, initially containing a mixture of five NCACs (QNL, ACR, CBZ, BhQ and 3MI) in isooctane, were mixed with the BGE (50/50% v/v) and the NCACs final concentrations (in the analysis microemulsion) were in the 10 -5 mol L -1 (equivalent to mg L -1 levels) in the final analysis microemulsion introduced into the capillary. Pyrrole was used as an internal standard.
The influence of temperature (25 ºC, 30 ºC and 35 ºC) was evaluated using the applied voltage of 30 kV. In all cases, the peaks were separated (baseline separation) and no significant changes in migration times were found. However, peak shape tended to be better at 25 ºC with the splitting of 3MI peak at 30 ºC and at 35 ºC and with large baseline fluctuation at 35 ºC. The electropherogram achieved at 25 ºC can be seen in Figure 2A . The applied voltage was varied from 15 to 30 kV in order to check the effect on the quality of separation at 25 ºC. In all cases, baseline separation of peaks was observed and as expected shorter migration times were found as the applied voltage was increased, with QNL (the NCAC with the faster migration velocity after P) presenting migration time (t m ) of 8.1 min with 15 kV ( Figure 2B Despite the increasing of analysis time (from 6.9 to 17.2 min, measured using the migration time of CBZ) it was decided to proceed studies using applied voltage of 15 kV as there was larger intervals between the separated peaks, leaving room to accommodate the other eight NPACs to be included in the study. Besides, at this applied voltage, peaks presented better shape and no tendency to split.
In order to decrease the somewhat larger analysis time, the concentration of SDS was adjusted from 40 mmol L -1 to 30 mmol L -1 , which decreased the migration time for CBZ from 17.2 to 12.1 min still leaving 4.3 min between migration peaks of QNL and CBZ ( Figure 3A) .
The next step of the study was the inclusion of the analyte A in the microemulsion introduced into the capillary. Under the conditions used to separate the first five NCACs, the peak of A appeared baseline separated from the others but with peak symmetry affected. Therefore, a decrease of temperature to 20 ºC was made in order to improve symmetry but not affecting the peak of 3MI as seen in Figure 3B . The adjustment of temperature also increased the migration time for CBZ from 12.2 to 15.1 min because of the increase of viscosity of the BGE. The other six NCACs (I, 2MI, 7MI, 9MC, 3EC, 9EC) were included in the micromulsion to be injected into the capillary. In the conditions already adjusted for the six NCACs, baseline separation ( Figure 4A ) for most of the analytes were achieved and the migration time for 9EC (the NCACs with slower migration velocity) was 23.4 min. Poor separation was achieved for the pairs of NCACs A and I and 7MI and 2MI
Article
Micelar-Electrokinetic Chromatography Separation of Nitrogen-Containing
Aromatic Compounds in Diesel Prepared as Microemulsion (detail of Figure 4 ), then simple adjustments of conditions were tried to improve resolution. A set of experiments were performed using microemulsion containing only these four NCACs. An improved resolution was achieved by decreasing both the applied voltage to 10 kV and the temperature to 15 ºC, achieving baseline separation for A and I and good resolution for 7MI and 2MI as can be seen in the electropherogram of Figure 4B . The use of such experimental conditions did affect neither baseline resolution between the other NCACs peaks nor the order of migration but it affected the overall analysis time by delaying the migration of 9EC (over 40 min). In order to improve analysis time, a gradient of applied voltage was used by using 10 kV from 0 to 20 min of analysis time (enough time to get the resolution for A and I and 2MI and 7MI) then increasing the applied voltage to 15 kV for the rest of the analysis. In this way, the peak of EC appeared at 37.3 min as seen in Figure 5 . The conditions chosen to perform capillary introduction and electrophoretic separation of the 12 NCACs and the internal standard are indicated in Table I . Peak symmetry and resolution between peaks are presented in Table II . Resolution (R s ) calculated using: R s = 2 x (t m(2MI) -t m(7MI) )/(w 2MI + w 7MI ) where t m is migration time and w is peak width.
Analytical Parameters
Instrumental limit of detection (LOD) and limit of quantification (LOQ) were calculated by decreasing the concentration of each of the NCACs until reaching the lowest value that the software was able to perform peak integration. Such concentrations were introduced (in replicates) into the system and interpolated in the respective analytical curves (seven replicates) using six concentration points with equations shown in Table III . Those limits (Table III) were then assumed to be x m + 3s (for LOD) and x m + 10s (for LOQ) with x m as the average recovered concentration in the curve and s the standard deviation of the seven replicates.
The repeatability (measured as coefficient of variation or CV) of the method was evaluated at three different concentrations (established for each analyte according to the sensibility of the analytical response) for each of the analytes using five consecutive analyzes of microemulsion containing analyte standards. Best results were achieved for QNL (CV up to 4%) and the poorer precision was for 9MC (CV of 11% in all concentrations) as seen in Table IV . These isooctane microemulsions were stored for 24 h before repeating the analysis again (repeatability) and, for all of the analytes, the results were statistically similar to the ones achieved in the previous day (two-tail Student t-test with 95% confidence level and n=7). A specific interference study was made only for the pair 2MI and 7MI, by varying their concentrations, from 3 to 30 mg L -1 in mixtures, in order to get a relative concentration proportion between them of 1 to 10 to 10 to 1. Enough resolution was achieved in these extreme proportions (R s of 1.6 for 2MI:7MI at 1:10 proportion and R s of 1.8 for 2MI:7MI at 10:1 proportion) which guarantee enough resolution to selectively determine these similar indole derivatives.
Finally, an interference test was made by fortifying a diesel sample with a specific concentration of each analyte and performing a recovery test. The diesel sample used was the one that presented the lowest amount of the NCACs (evaluated by the HPLC method reported by da Cunha et al. [29] ). The electropherogram of the non-fortified diesel sample was used as blank. The recovered results (Table V) varied between 91 ± 7% (3EC) to 106 ± 4% (CBZ) indicating a good selectivity towards other components present in the diesel matrix. Another set of NCACs fortified diesel sample was analyzed by the proposed MEKC method and by using the HPLC method used to evaluate the baseline concentrations of NCACs at mg L -1 level. In this study, P, 2MI and 7MI were not included since the protocol reported for the HPLC did not include these three NCACs. The results for the quantified analytes were similar as indicated by a two-tailed Student t-test (with 95% confidence level and n=3). Therefore, the proposed method provides reliable information on quantification of NCACs. 
Analysis of real samples
Samples (diesel and a mix of diesel and gasoil) were provided by Petrobras. Aliquots of these were diluted in isooctane to be prepared as detergentless microemulsions before final dilution with BGE to form the analysis microemulsion to be introduced into the capillary. Sample amounts dissolved in isooctane varied in function of the sample characteristics (viscosity and density) and after a final volume adjustment, to produce a stable introduction microemulsion, the dilution factors varied from 4.000 to 12.000.
Despite the high dilution factor, the presence of NCACs was detected in most samples but in two of them (named I and II), a number of NCACs could be effectively determined. A prior elemental analysis has indicated a total N content of 0.4% in sample I (86.6% of C and 10.2% of H) and of 0.3% in sample II (89.0% of C and 9.2% of H). The N content comprises all of nitrogen compounds present in samples with a fraction being NCACs.
In sample I, the analytes 9EC and 9MC were found respectively at 6.5 ± 0.2 g L -1 and 2.4 ± 0.3 g L -1 (values in the original sample after correcting for sample dilution). In Figure 6 the electropherogram of sample I fortified with some NCACs (electropherogram A) and the one of the original sample (electropherogram B). For sample II, concentrations (considering the correction of the dilution factor) of QNL (at 10.8 ± 0.7 g L -1 ) and 3EC (at 11.8 ± 0.8 g L -1 ) were found as can be seen in Figure 7 . It is important to point out the presence of many unidentified absorption peaks maybe comprising a group of aromatic compounds not included in this work. 
CONCLUSIONS
In this exploratory study, the feasibility of separation of NCACs in diesel by MEKC without any sample treatment is demonstrated. The compatibilization of the oily sample and the aqueous BGE was achieved by using microemulsions. The high sample dilution factor was crucial to enable sample stabilization during electrophoretic separation but affected the capability for the detection of NCACs in real samples using absorption photometry. Despite that, NCACs could be detected in many of the samples and quantified in two of them. However, the use of laser-induced fluorescence, even exciting in a wavelength detuned from the maximum excitation, will certainly improve detection capability and also, in some extent, the selectivity because of the choice of excitation/emission pair. When analyzing real samples, migration times of the NCACs may be affected due to the complexity of the matrices, even in diluted conditions, therefore, the use of the internal standard and the NCACs standard addition are important to make the identification of the analytes.
